We demonstrated that a common antigen (Golgi-associated antigen, GAA 108) is present in the Golgi apparatus of serous exocrine cells, using an immunohistochemical method with monoclonal antibodies (MAb) 108 (IgGi) and 18 (IgM) , raised to the " a l fractions of rat parotid gland.
Introduction
The Golgi apparatus plays a key role in sorting and processing of newly synthesized secretory proteins and lysosomal enzymes and the membrane proteins of secretory granules, lysosomes, endosomes, and the cell membrane (9, 11, 25, 26) . It is divided into several structurally and functionally distinct components, e.g., the Golgi cisternae, vesicles, vacuoles and trans-Golgi network ( E N ) . The structure of the Golgi apparatus changes dynamically under various physiological conditions (10) .
Histochemical and enzyme histochemical techniques have been applied to investigate the nature of each compartment: the ciscisternae reduce 0~0 4 ; the medial cisternae exhibit nicotinamide adenine dinucleotidase activity; thiamine pyrophosphatase is localized in the trans-cisternae; and acid phosphatase (AcPase) activity has been demonstrated in the trans-Golgi cisternae and the E N (9,11,12,23,25,26). Since producing antibodies to the individual Golgi compartments should provide more straightforward tools to analyze correlations between each Golgi compartment and its func-tion and to study the retention mechanism of the Golgi-associated proteins within this organelle, a number of antibodies to the Golgi components have been generated (1,6-8,18,19,24,28,30-35,43). However, the Golgi proteins recognized by these antibodies seem to be restricted to the Golgi apparatus of certain cell types. We have demonstrated that the secretory granule membrane of both exocrine and endocrine cells shares commmon antigens in the rat and rabbit, employing MAb to secretory granule membranes of rat and rabbit parotid gland, respectively (40,41). In some cells these common antigens were also localized in the Golgi apparatus.
In this study, we attempted to determine whether the Golgi apparatus of all cell types shares a common antigen by preparing MAb to the Golgi apparatus. Two MAb, MAb 108 and MAb 18, recognize the Golgi-associated antigen (GAA 108), which is localized in the trans-Golgi cisternae and the E N of almost all exocrine cells. However, GAA 108 was demonstrated in the secretory granules in addition to the Golgi apparatus, and was secreted via a regulated pathway in the acinar cells of submandibular gland.
Materials and Methods

Production of MonocZonaZ Antibodies
Six-week-old female Balb/c mice were immunized sc with rat microsomes (200 pg protein) with complete Freund's adjuvant, and with incomplete Freund's adjuvant 2 weeks later. Thirty days after the final injection one of the mice was booster-injected IP with 100 Ng of microsomal protein. Four days later spleen cells were fused with Sp 2/O-Ag 14 myeloma cells, using polyethylene glycol 1000 as described previously (41.42). Hybridomas producing immunoglobulins that positively immunostained the Golgi apparatus of parotid gland were collected. Cloning of the hybridomas was carried out with soft agarose (42).
Light Microscopic Immunohistochemistry
In almost all experiments a freeze-substitution fixation method was used (40). Tissues were removed from Wistar rats (200-250 g) under sodium pentobarbital anesthesia, cut into small pieces (about 2 mm3), and frozen in isopentane cooled with liquid nitrogen. Eight rats were used for the experiment. Substitution-fixation was carried out in 0.25% glutaraldehyde/acetone at -80% for 2 days. The tissue blocks were warmed to room temperature (RT), washed with acetone, and embedded in paraffin. Some of the tissues were also fixed in 4% paraformaldehydel0.1 M phosphate buffer, pH 7.2, for 6 hr at 4'C and then embedded in paraffin.
Approximately 4-pm thick sections were prepared and immunostained by the ABC method with a Vector Stain ABC kit (Burlingame, CA) as described previously (41); hybridoma culture supernatant was used as the primary antibody. Some sections were then counterstained with hematoxylin. For control staining sections were treated with anti-human prostatic acid phosphatase MAb (Cosmo Bio; Tokyo, Japan) ot the spent culture medium of SP-2IO-Ag14 myeloma cells instead of the specific antibodies.
Immunoelectron Microscopy
Post-embedding immunogold techniques were employed to demonstrate the antigen in the rat and two fixation methods were used.
Conventional
Fixation. Under sodium pentobarbital anesthesia, tats were perfused with PBS for 5 min and with 300 ml of 4% paraformaldehyde and 0.25% glutaraldehydel0.1 M phosphate buffer, pH 7.2. The tissue blocks were further fixed in the same fixative for 3 hr at 4°C. Five tats were sacrificed for fixation of pancreas, parotid gland, and submandibular gland, and three rats were used for immunostaining of exorbital lacrimal gland and sublingual gland. After washing they were treated with uranyl acetate according to the method of Berryman and Rodewald (2) . They were then dehydrated in acetone and embedded in Lowicryl K4M at -20°C as previously described (42). Seven to 10 blocks were cut for immunostaining of each organ and 8-10 ultra-thin sections were prepared from each block.
Rapid-freezing and Substitution Fixation. Rapid-freezing and substitution fixation were also employed according to the procedure of Kho et al. (IS), which provides cell organelle preservation, especially of the Golgi apparatus and mucous secretory granules, superior to conventional fixation methods (13J4). Tissue blocks from six rats were quickly frozen with a QFSOOO quick freezer (Meiwa; Osaka, Japan). They were smashed against the polished surface of a copper block cooled with liquid helium. Substitution-fixation was carried out in acetone containing 0.35% glutaraldehyde at -80°C for 36 hr. The temperature of the solution was then increased to -20°C for 2 hr, to 4°C for 3 hr, and to RT for 2 hr. The tissues were washed with acetone (three times for 15 min) at RT and embedded in Lowicryl K4M at -2O' C. Five blocks for each organ that conserved fine cell structure without formation of ice crystals were selected and 10-15 ultrathin sections were prepared from each block.
Ultra-thin sections were mounted on nickel grids and treated with 1% bovine serum albumin (BSA) dissolved in PBS for 30 min, followed by ueatment with hybridoma culture supernatant overnight at 4°C. After washing with PBS, the specimens were incubated with goat anti-mouse IgG-labeled 10-nm colloidal gold (Janssen Biotech; Olen, Belgium) diluted 15-fold with 1% BSA/PBS, for 45 min at RT. They were then washed with PBS, fixed with 2.5% glutaraldehyde/PBS, rinsed with distilled water, and stained for EM with uranyl acetate and lead citrate. The sections were examined with a JEOL 100 CX electron microscope at 80 kV.
SDS-PAGE and Western Blotting
Rat parotid and submandibular glands were homogenized in the media reported by Cameron et al. (5) . respectively, and after centrifugation at 100,000 x g for 60 min the precipitate was collected as microsomal fractions. In another experiment, polypeptides were also directly extracted from unfractionated tissues with hot SDS solution to minimize proteolytic degradation of the antigen. Rat parotid and submandibular glands were homogenized in boiling SDS solution, i.e., 0.5% SDS. 50 mM EDTA, and 50 mM 2-mercaptoethanol dissolved in 50 mM Tris-HC1 buffer, pH 7.8. The homogenate was then centrifuged at 20,000 x g for 30 min and the supernatant was collected. Both the microsomal polypeptides and the polypeptides extracted with hot SDS solution were analyzed by SDS-PAGE (10% gel) according to the method of Laemmli (16) and subsequently trans-blotted onto a nitrocellulose sheet. Antigen detection on the nitrocellulose was performed with HRP-labeled sheep anti-mouse IgG F(ab)2 fragments (Amersham Japan; Chiba, Japan) as described previously (41).
Two-phase Fractionation of the Antigen
Proteins of the microsomal fraction of rat parotid and submandibular glands were fractionated in TritonX-114 according to the method of Bordier (3.38) . Polypeptides in the aqueous and detergent fractions were analyzed by the SDS-PAGE and Western blot techniques described above.
Glycosidase Treatment
The microsomal polypeptides and polypeptides extracted with hot SDS solution from the rat parotid gland were treated with N-glycan= (Genzyme; Boston, MA), neuraminidase (Sehgaku Kogyo; Tokyo, Japan) or neuraminidase plus 0-glycanase (Genzyme) as previously described (38, 41) .
Results
Production of Monoclonal Antibodies
The culture supernatants of 15 of the 336 wells exhibited positive immunostaining in the supranuclear region, which may correspond to the Golgi apparatus of the acinar cells of rat parotid gland and pancreas. Ultimately, two hybridomas were cloned. One secreted an IgGl(K) class immunoglobulin, MAb 108, and the other produced an IgM (K) class immunoglobulin, MAb 18.
Localization of GAA 108 in Rat Tissues
Both MAb yielded the same staining pattern in rat tissues but MAb 18 yielded slightly higher background staining in the connective tissues. Hence, MAb 108 was used for subsequent immunohistochemical and biochemical studies.
The following rat tissues exhibited reticular immunostaining in the supranuclear cytoplasm of the acinar cells, characteristic of the Golgi apparatus: pancreas, parotid gland, sublingual gland, exorbital lacrimal gland, gastric gland, and prostate. Parotid aci- Figure 1E ) displayed strong immunostaining in the Golgi apparatus. In stomach reactions were observed in a few chiefcells but other cell types showed no staining (not shown).
In contrast to these exocrine cells, acinar cells of submandibular gland exhibited strong immunostaining throughout the entire cytoplasm ( Figure IF) . The cytoplasm of duct cells was negative but some reaction was detected along the luminal membrane of some striated ductal cells. Cells of liver, kidney, small intestine, thyroid gland, anterior pituitary gland, and adrenal gland displayed no immunoreaction (not shown). Staining in all of the control experiments was negative.
Immunoelectron Microscopy
Gold particles were demonstrated in the trans-Golgi cisternae of parotid acinar cells and along the membrane of condensing vacu-.._ .. . . .... oles by the conventional fixation method (Figures 2A and 2B) . The medial cisternae of some Golgi complexes were positive but no reaction was detected in the nuclei, mitochondria, endoplasmic reticulum, and secretory granules. In acinar cells of exorbital lacrimal gland, large, well-developed Golgi complexes were located in the perinuclear cytoplasm apical and slightly lateral to the nucleus as described by Hand and Oliver (12); several Golgi complexes were frequently observed in a given cell. Medial and trans-Golgi cisternae were stained with immunogold ( Figures 3A and 3B) . Serous acinar cells of sublingual cells were positive in the Golgi cisternae but mucous cells displayed no reaction (data not shown). In submandibular gland acinar cells the antigen was localized in the medial and the trans-Golgi cisternae and along the secretory granule membranes and cell membranes (Figure 4) . It was also found in the contents of the secretory granules and in occasional duct lumens.
With conventional ftuation, artificial swelling and fusion of secretory granules were seen in submandibular acinar cells and preservation of Golgi apparatus structure was insufficient to permit detailed localization of GAA 108 in pancreas. We therefore applied the rapid-freezing and substitution-fixation technique to determine the precise intracellular distribution of the antigen, as this technique provides excellent preservation of cell structure, especially of the Golgi apparatus and mucous secretory granules (13.14). In the pancreatic exocrine cells gold particles were detected in the Golgi apparatus, i.e., in the trans-Golgi cisternae and the E N , including the condensing vacuoles ( Figures 5A and 5C ). Reactions were observed on the apical cell membrane of some cells ( Figure  5B) . In the acinar cells of submandibular gland each secretory granule was bounded by a limiting membrane. The contents of the secretory granule exhibited a reticular network, and the condensing vacuoles displayed homogeneous electron density (Figures 6A-6C ). Reactions were observed in the cis-, medial, and trans-Golgi cister- nae; the cis-Golgi cisternae showed faint reaction. The contents of the condensing vacuoles and secretory granules were labeled by MAb 108. In the secretory granules immunogold particles were observed in the electron-dense reticular network. The basolateral and apical cell membranes were also positive.
Characterization of the Antigens
MAb 108 reacted with at least 17 polypeptides of molecular weights in the 58-170 KD range when rat parotid gland microsomal fraction was analyzed by SDS-PAGE and Western blotting (Figure 7 , Lanes 1 and 3). In submandibular gland at least 25 polypeptides of molecular weights from 48-210 KD were immunostained with MAb 108 (Figure 7 , Lane 8). GAA 108 of the hot SDS extract had the same molecular weight as that of the microsomal fraction (Figure 7, Lane 2) .
In the two-phase partition using Triton X-114, the antigen of parotid gland microsomal fraction was partitioned into both the aqueous and detergent fractions (Figure 7 , Lanes 4 and 5). There were no clear differences between the molecular weights of the immunostained bands in the two fractions.
N-Glycanase digestion of the microsomal fraction of parotid gland and submandibular gland produced no changes in the electrophoretic mobility of the antigen (Figure 7 , Lanes 7 and 9). Neuraminidase and neuraminidase plus 0-glycanase treatment had no effect on the electrophoregram of the antigen (not shown). Carbohydrates of fetuin used as a positive control were cleaved by treatment with these glycosidases.
Discussion
In this study we demonstrated that the Golgi apparatus of most serous exocrine cells in rat shares a common antigen (GAA 108). GAA 108 is a peripheral membrane protein, judging from the facts that by IM it was localized along the inside of the membrane of condensing vacuoles and was recovered in both the aqueous and detergent phases by Triton X-114 fractionation (Figure 7, Lanes 3-5) .
Although the function of GAA 108 is presently unknown, it may play an important role in sorting or modification of secretory proteins in exocrine cells. In contrast, no antigen was detected in endocrine cells or in cells of liver, kidney, and small intestine. This finding and other data (6.32-35) suggest that the constituents of the Golgi apparatus in the different cell types are heterogeneous, probably corresponding to differences in function. GAA 108 was localized exclusively in the medial and tram-Golgi cisternae and TGN in the acinarcells of pancreas, parotid, and exorbital lacrimal gland, and in the serous acinar cells of sublingual gland on IM (Figures 2, 3, and 5) . This result indicates that Golgi cisternae are asymmetric with regard to the distribution of Golgi proteins. Several investigators have used antibodies to Golgi-associated proteins with both known and unknown function in IM studies (6-8,24,28.30,32,34,35,43) . Their experiments also indicated that the cis-, medial, and trans-Golgi cisternae consist of different polypeptides, in agreement with the prevailing model employing cytochemical markers.
It is of particular interest that GAA 108 is localized in secretory granules and released into the lumens by a regulated pathway in acinar cells of rat submandibular gland (Figures 4 and 6) , although it resides in Golgi apparatus of other serous acinar cells. Recent studies employing hybrid gene techniques have revealed that transmembrane domains are the main sites of Golgi retention of integral membrane Type I1 proteins, such as N-glucosaminyltransferase I (36). galactosyltransferase (29) , and sialyltransferase (21.37) . Although the Golgi retention mechanism for soluble and peripheral membrane proteins remains unknown, it may be based on a Golgi retention signal and signal-receptor system, as demonstrated by Munro and Pelham (22) for proteins of the endoplasmic reticulum (ER). They found that retention of soluble proteins in the cisternae of the ER depends on the common C-terminal sequence KDEK for the ER retention signal and its receptor localizing in the ER membrane. Kelly and co-workers (4, 20) and Rosa et al. (27) suggested that proteins secreted by the regulated pathway contain a sorting domain and receptors for it in the Golgi apparatus as a sorting machinery.
The fact that GAA 108 is secreted via the regulated pathway in the acinar cells of rat submandibular gland may be explained by the following possible mechanisms. First, secreted GAA 108 un-dergoes proteolytic cleavage of a Golgi retention signal, as reported in the case of glycosyltransferases in rat liver. For example, sialyltransferase, a resident of trans-Golgi cisternae and TGN, is secreted into serum after removal of the trans-membrane domain in hepatitis and liver tumors (17, 37) . Second, a constant number of receptors for the Golgi retention signal are present in the TGN of serous exocrine cells. However, GAA 108 is overexpressed in acinar cells of rat submandibular gland and overflows into the secretory granules because of saturation of the GAA 108 receptor. Detailed structural analysis of GAA 108 should provide a good tool for investigation of the retention and sorting mechanisms of the soluble and peripheral membrane proteins of the Golgi apparatus.
In the condensing vacuoles of acinar cells of rat submandibular gland, the secretory material was homogeneous with regard to electron density and GAA 108 distribution ( Figures 6A and 6B ). However the contents of secretory granules revealed a network structure and the GAA 108 was localized on the electron-dense network. Fusion of the secretory granules and condensing vacuoles was also occasionally observed (Figure 6B) . This suggests that reorganization of the secretory material takes place during maturation of the secretory granules.
The reticular network structure in the secretory granules is not an artifactual structure. It was reported by Ichikawa et al. (13) in acinar cells of submandibular gland and in serous acinar cells of sublingual gland, with rapid-freezing and substitution-fixation (14) and conventional fixation (13) . They demonstrated that the network structure showing moderate electron density is composed of glycoproteins in the sublingual serous acinar cells, using cytochemical glycoconjugate techniques. It is unclear whether or not constituents of the network structure in submandibular gland are the same materials as in the sublingual gland. Further study by histochemical and biochemical techniques will be required to clarify the components of the reticular network in the secretory granule of submandibular gland.
Immunoreaction was seen on the apical cell membrane of some serous acinar cells and on the apical and basolateral cell membranes of submandibular glandular acinar cells. Smith et al. (32) and Suganuma et al. (34) also reported localization of the Golgi proteins on the cell membrane. GAA 108 in the submandibular gland is probably transported from the Golgi apparatus to the cell membrane via a regulated pathway, because of the presence of reaction along the secretory membrane. In this study, there was no conclusive evidence demonstrating the intracellular pathway of GAA 108 to the cell membrane in the pancreatic acinarcells. because immunostaining was detected neither on the secretory granule membrane nor in the vesicles of the apical cytoplasm. It may be necessary to develop an IM technique of much greater sensitivity to demonstrate the intracellular pathway of GAA 108 to the cell membrane.
MAb 108 reacted with multiple polypeptides with molecular weighs of 58-170 KD in parotid gland, and at least 25 polypeptides were immunostained in submandibular gland. It remains unknown why GAA 108 yielded such heterogeneous forms on SDS-PAGE. However, the heterogeneity of GAA 108 may not be based on different carbohydrate composition, because treatment with glycosidases such as N-glycanase and neuraminidase plus 0-glycanase produced no apparent changes in electrophoretic mobility of the antigen. The following finding supports this view. Treatment of MAb 108 with the following saccharides yielded no &mce in the distribution pattern and strength of immunoreaction in the exocrine cells: a-methyl-mannopyranoside (12.5 mM), N-acethyl-D-galactosamine (25 mM), N-acethyl-D-glucosamine (10 mM), L-fucose (100 mM), or sialic acid (12.5 mM). Furthermore, heterogeneity is probably not due to proteolytic degradation during microsome preparation, because the electrophoregrams of microsomal GAA 108 and antigen directly extracted from the tissue homogenate with hot SDS solution were indistinguishable. It is known that hot SDS extraction minimizes the artificial degradation of proteins during cell fractionation (39).
Several investigators have produced both polyclonal and monoclonal antibodies that recognize the components of the tronJ-Golgi cisternae in many cell types (28.32.34,35,43) . GAA 108 seemed to be a novel antigen judging from both the immunostained cell types and the SDS-PAGE electrophoregram. Smith et al. al. did not perform immunohistochemical studies employing GF-1 MAb in this tissue. In both reports, those antigens were not detected in exocrine cells other than those of digestive tract, such as the epithelial cells of prostate.
MAb 108 may be a useful marker to identify trans-Golgi cisternae and E N and to investigate the sorting mechanism (retention and secretion) of Golgi apparatus peripheral membrane and soluble proteins.
